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U.S. PATENT AND TRADEMARK OFFICE 
P.O. Box 2327 
Arlington, Virginia 22202 
Attention: Box Patent Application 

PRELIMINARY AMENDMENT 

Dear Sir: 

This application is a U.S. national phase of International Application No. 
PCT/NLOO/00374, filed May 31, 2000. Prior to examining the subject application, please 
enter the following amendments to the international application as originally filed. 
IN THE SPECIFICATION : 

Page 1 as originally filed, line 1, insert the following heading and paragraph 
before "The invention relates to . . .": 
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-RELATED APPLICATIONS 

This application is a U.S. national phase of International Application No. 
PCT/NL00/00374, filed May 31, 2000, which is a complete and foreign application of 
Dutch patent application No. 1012208, filed June 1, 1999.- 

Page 1, line 13, delete "WO 91/10243" and insert therefor -U.S. Patent No. 
5,610,989-. 

Page 2, line 3, delete "WO 91/10243" and insert therefor -U.S. Patent No. 
5,610,989-. 

Page 2, line 28, delete "WO 91/10243" and insert therefor -U.S. Patent No. 
5,610,989-. 

Page 3, line 24, delete "Dutch patent application 1004877" and insert therefor - 
commonly assigned U.S. Patent No. 6,078,677, entitled "Electroacoustic Transducer 
With Improved Diaphragm Attachment," which is incorporated herein by reference in its 
entirety—. 

IN THE CLAIMS : 

Please cancel claims 1-7 as originally filed in the parent PCT application. 

Please add new claims 8-26. 
~8. A coil assembly for an electroacoustic transducer, comprising: 

a coil having a coil opening defining an axis therethrough; and 

a circuit board wherein at least a portion thereof is positioned against said coil in a 
substantially perpendicular relationship to said axis. 
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9. The coil assembly of claim 8, wherein said circuit board is flexible. 



10. The coil assembly of claim 8, wherein said circuit board is rigid. 

1 1 . The coil assembly of claim 8, wherein said circuit board includes an opening, said 
opening of said circuit board being substantially aligned with said coil opening. 

12. An assembly for an electroacoustic transducer, comprising: 
an armature having a first leg; 

a coil having a coil opening adapted to receive said first leg therethrough; and 
a circuit board having an opening adapted to receive said first leg therethrough, 
said circuit board being attached to said coil. 

13. The assembly of claim 12, wherein said armature includes a second leg, said 
circuit board having a first slot adapted to receive said second leg therethrough. 

14. The assembly of 12, wherein said first leg and said second leg are disposed to 
form a U-shaped armature. 

15. The assembly of claim 13, wherein said armature includes a third leg, said circuit 
board having a second slot adapted to receive said third leg therethrough. 
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16. The assembly of claim 15, wherein said first leg, said second leg, and said third 
leg are disposed to form an E-shaped armature. 



17. The assembly of claim 12, wherein said circuit board is attached to said coil via 
an adhesive. 

18. The assembly of claim 12, wherein said coil opening and said circuit board 
opening are dimensioned so as to permit movement of said first leg of said armature in 
said coil opening and said opening. 

19. The assembly of claim 12, wherein at least a portion of said circuit board is 
substantially perpendicular to said first leg. 

20. An electroacoustic transducer, comprising: 
a case; 

a transducing assembly disposed in said case, including: 
an armature having a first leg; 

a coil having a coil opening through which said first leg is received; 

a circuit board attached to said coil, said circuit board having an opening 

through which said first leg is received, said circuit board 

including at least one terminal; and 
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a magnet assembly including a first magnet separated from a second 
magnet by a gap, said first leg being received through said gap; 
and 

connecting means for connecting said first leg to a diaphragm disposed in 
said case. 

21. The electroacoustic transducer of claim 20 further comprising a pin connected to 
said at least one terminal of said circuit board, said pin extending through an aperture in 
said case. 

22. The electroacoustic transducer of claim 20, wherein said armature includes a 
second leg and a third leg, said circuit board includes a first slot disposed along a first 
outer edge of said circuit board and a second slot disposed along a second outer edge of 
said circuit board, said first slot receiving said second leg and said second slot receiving 
said third leg. 

23. The electroacoustic transducer of claim 20, wherein said circuit board is 
substantially perpendicular to said first leg. 

24. A method of assembling an electroacoustic transducer assembly, comprising the 
steps of: 

providing a coil having a coil opening; 

attaching a circuit board to said coil, said circuit board having an opening; 
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extending an armature leg through said coil opening and said opening; and 
positioning a magnet assembly adjacent to said circuit board such that said 
armature leg extends through a gap between a first magnet and a second magnet. 

25. The method of claim 24, further comprising the step of dimensioning said coil 
opening, said opening, and said gap so as to permit movement of said armature leg 
therebetween. 

26. A method of positioning a movable armature leg within a coil opening, 
comprising the steps of: 

providing a coil having a coil opening therethrough; 

attaching a circuit board to said coil, said circuit board having an opening 
therethrough and at least one slot formed along a peripheral edge of said circuit board; 
and 

registering said movable armature leg in said coil opening by passing a support 
leg through said at least one slot.-- 

REMARKS 

The Applicants have added new claims 8-26. New claims 8-26 are generally 
directed to the subject matter of originally filed claims 1-7, which were indicated as 
allowable by the PCT Examiner, and are believed to be allowable. Attached hereto under 
the caption, "Clean Copy of Pending Claims after Entry of Preliminary Amendment 

6 

CHICAGO 183468vl 47161-00031USPX 



Mailed November 30, 2001," is a clean copy of the pending claims after entry of the 

present amendment. 

Conclusion 

The Applicants believe that the claims are allowable over the prior art of record 
and are in condition for allowance. 

If there are any matters which may be resolved or clarified through a telephone 
interview, the Examiner is respectfully requested to contact the Applicants' undersigned 
attorney at the number indicated. 



Respectfully submitted, 



Date: November 30, 2001 




Jenkens & Gilchrist 
1445 Ross Avenue, Suite 3200 
Dallas, TX 75202-2799 
(312) 425-3900 



Attorney for Applicants 
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Pending Claims After Entry of 
Preliminary Amendment Mailed November 30. 2001 



8. A coil assembly for an electroacoustic transducer, comprising: 
a coil having a coil opening defining an axis therethrough; and 

a circuit board wherein at least a portion thereof is positioned against said coil in a 
substantially perpendicular relationship to said axis. 

9. The coil assembly of claim 8, wherein said circuit board is flexible. 

10. The coil assembly of claim 8, wherein said circuit board is rigid. 

11. The coil assembly of claim 8, wherein said circuit board includes an opening, said 
opening of said circuit board being substantially aligned with said coil opening. 

12. An assembly for an electroacoustic transducer, comprising: 
an armature having a first leg; 

a coil having a coil opening adapted to receive said first leg therethrough; and 
a circuit board having an opening adapted to receive said first leg therethrough, 
said circuit board being attached to said coil. 

13. The assembly of claim 12, wherein said armature includes a second leg, said 
circuit board having a first slot adapted to receive said second leg therethrough. 
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14. The assembly of 12, wherein said first leg and said second leg are disposed to 
form a U-shaped armature. 

15. The assembly of claim 13, wherein said armature includes a third leg, said circuit 
board having a second slot adapted to receive said third leg therethrough. 

16. The assembly of claim 15, wherein said first leg, said second leg, and said third 
leg are disposed to form an E-shaped armature. 

17. The assembly of claim 12, wherein said circuit board is attached to said coil via 
an adhesive. 

18. The assembly of claim 12, wherein said coil opening and said circuit board 
opening are dimensioned so as to permit movement of said first leg of said armature in 
said coil opening and said opening. 

19. The assembly of claim 12, wherein at least a portion of said circuit board is 
substantially perpendicular to said first leg. 

20. An electroacoustic transducer, comprising: 
a case; 

a transducing assembly disposed in said case, including: 
an armature having a first leg; 
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a coil having a coil opening through which said first leg is received; 

a circuit board attached to said coil, said circuit board having an opening 

through which said first leg is received, said circuit board 

including at least one terminal; and 
a magnet assembly including a first magnet separated from a second 

magnet by a gap, said first leg being received through said gap; 

and 

connecting means for connecting said first leg to a diaphragm disposed in 
said case. 

21. The electroacoustic transducer of claim 20 further comprising a pin connected to 
said at least one terminal of said circuit board, said pin extending through an aperture in 
said case. 

22. The electroacoustic transducer of claim 20, wherein said armature includes a 
second leg and a third leg, said circuit board includes a first slot disposed along a first 
outer edge of said circuit board and a second slot disposed along a second outer edge of 
said circuit board, said first slot receiving said second leg and said second slot receiving 
said third leg. 

23. The electroacoustic transducer of claim 20, wherein said circuit board is 
substantially perpendicular to said first leg. 

10 
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24. A method of assembling an electroacoustic transducer assembly, comprising the 
steps of: 

providing a coil having a coil opening; 

attaching a circuit board to said coil, said circuit board having an opening; 
extending an armature leg through said coil opening and said opening; and 
positioning a magnet assembly adjacent to said circuit board such that said 
armature leg extends through a gap between a first magnet and a second magnet. 

25. The method of claim 24, further comprising the step of dimensioning said coil 
opening, said opening, and said gap so as to permit movement of said armature leg 
therebetween. 

26. A method of positioning a movable armature leg within a coil opening, 
comprising the steps of: 

providing a coil having a coil opening therethrough; 

attaching a circuit board to said coil, said circuit board having an opening 
therethrough and at least one slot formed along a peripheral edge of said circuit board; 
and 

registering said movable armature leg in said coil opening by passing a support 
leg through said at least one slot. 
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No. 017 27.11. "01 10:24 I D = VEREEN I GDE DEM HAAG 
WO 00/74436 

Title; Coil construction for an electroacoustic transducer. 

This invention relates to an electroacoustic transducer comprising 
a case accommodating an armature with at least two armature legs; a coil 
with an air gap, which coil is fitted with the air gap around an armature 
leg; a magnetic element with an air gap, which magnetic element is likewise 
5 fitted with the air gap around the one armature leg, the air gap of the coil 
and that of the magnetic element being located substantially in line with 
each other; a diaphragm; a connecting element which couples a free end of 
the one armature leg to the diaphragm; and a printed circuit board with 
terminals for the wires of the coil and for external connections, the coil 
10 being attached to the printed circuit board. 

Such transducers find application especially, but not exclusively, in 
hearing aids. 

Such a transducer is known, for instance, from WO 91/10243. This 
publication recognizes the problems in manipulating the lead wires of the 
1 5 coil. These wires are often microscopically thin and must be connected to 
more robust connecting wires connecting the coil to the further circuits in 
the hearing aid. 

In this prior art reference, it is proposed as a solution to attach the 
coil, preferably automatically, directly upon winding, to terminal areas of a 

20 flexible printed circuit board, whereby first the lead wires of the coil are 
attached, for instance by welding or soldering, to the terminal areas of the 
printed circuit board and subsequently a side face of the coil is attached, for 
instance by adhesion, to the printed circuit board. The printed circuit board 
further has additional terminal areas to which the external connecting 

25 wires can be attached, for instance by soldering. 

A flexible printed circuit board has the advantage that it can be 
laid in the case in any desired manner. It is often also possible, however, to 
use a printed circuit board from rigid material. 
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A problem in existing coil constructions which are not already 
mounted on a printed circuit board, and in coil constructions which, as in 
the technique according to WO 91/10243, have already been pre-mounted on 
a, possibly flexible, printed circuit board, is that positioning the coil with 
5 respect to the other parts of the transducer, in particular with respect to the 
arm of the armature and with respect to the air gap of the magnetic 
element, is a painstaking, labor-intensive and time-consuming and hence 
costly activity. 

The invention contemplates presenting a solution to this problem 

10 and to that end provides a transducer of the above-mentioned type, 

characterized in that the coil is attached to the printed circuit board by an 
end face thereof, which is located essentially perpendicularly to the 
longitudinal axis of the air gap, and that the printed circuit board is 
provided with an opening which corresponds with the air gap of the coil. 

15 Preferably, the printed circuit board is provided with at least one recess 
adapted to cooperate with at least one other leg of the armature. 

The invention further provides a coil construction for an 
electromagnetic transducer, comprising a coil with an air gap and a printed 
circuit board with terminals for wires of the coil and external connections, 

2 0 characterized in that the coil is attached to the printed circuit board by an 
end face thereof, which is located essentially perpendicularly to the 
longitudinal axis of the air gap, and that the printed circuit board is 
provided with an opening which corresponds with the air gap of the coiL 

The invention is based on the insight that the printed circuit board 

2 5 can be fixedly connected to the armature and that, as a result, a coil fixedly 
connected to the printed circuit board can be accurately positioned with 
respect to the armature. By means of an automatic manufacturing process, 
for instance as elucidated in WO 91/10243, it is possible to position the coil 
very accurately with respect to the printed circuit board and to attach it 

30 thereto, for instance by means of adhesive. When thereupon the printed 
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circuit board can be positioned with respect to the armature very accurately, 
the position of the coil with respect to the armature is thereby determined 
very accurately as well. The operation required for this purpose consists in 
sliding the printed circuit board over the armature, which is an operation 
5 which can be performed simply and fast. The invention thus provides an 
excellent solution to the above-outlined problem. 

Hereinbelow, the invention will be further explained on the basis 
of an exemplary embodiment, with reference to the drawings. In the 
drawings: 

10 Fig. 1 is a cross section of an electromagnetic transducer known 

per se; 

Fig, 2a is a perspective view of a coil mounted on a printed circuit 
board* for an electromagnetic transducer according to the invention; 

Fig, 3a is an exploded view of a magnetic body, a coil construction 
15 according to the invention, and an armature; and 

Fig, 3b shows the parts shown in Fig. 3a in assembled condition. 

In elucidation of the use of the coil construction according to the 
invention in an electroacoustic transducer, Fig. 1 schematically shows a 
transducer known per se for use in a hearing aid. 
20 The transducer comprises a case 1 with an upper case portion la 

and a lower case portion lb. The interior of the case communicates with the 
surroundings via a snout 3. In the case, a diaphragm 4 is fitted in such a 
manner that it can move freely relative to the case, for instance in the 
manner described in Dutch patent application 1004877. The diaphragm 

2 5 communicates via a so-called reed 5 with the end of a central armature leg 

6a of an armature 6. In this case, the armature is E-shaped, as appears 
more clearly from Fig. 3, but may also be U-shaped. 

Provided around the armature leg are a magnet 7, which is 
accommodated in a pole piece 8, and a coil 9. Both the magnet and the coil 

3 0 have a central opening disposed around the armature leg 6a, such that the 
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armature leg can move freely in these openings. Between the coil and the 
magnet/pole piece combination, an adhesive film 2 is provided to fix these 
parts with respect to each other. The coil lead wires, not shown, are passed 
through the case to a printed circuit board 10 with terminals 11 to which 
5 the coil lead wires and the external connecting wires can be attached, for 
instance by soldering. 

Electrical signals fed via the lead wires of the coil provide for a 
movement of the armature leg 6a, which movement is transmitted via the 
reed to the diaphragm 4, which converts the movement into the sound 
1 0 signals to be perceived via the snout 3. 

It will be clear that it is a painstaking and labor-intensive activity 
to position the coil in the transducer shown in Fig. 1 and to connect the coil 
wires to the print 10. 

Fig, 2 schematically shows a view of the coil construction according 
15 to the invention. The core-free coil 9 may be provided, on the circumference 
thereof, with terminals 12 for the coil lead wires 13a, from which terminals 
12 further wires 13b lead to the printed circuit board 14. It is equally 
possible, however, to connect the coil lead wires 13a directly to the terminal 
areas 15 on the printed circuit board 14, which may be flexible or rigid, as 
20 desired. The coil body 9 is attached, for instance by adhesion, to the printed 
circuit board through a coil end face, which is located essentially 
perpendicularly to the longitudinal axis of the central opening in the coil 
This can be done with great accuracy in an automatic manner. 

The printed circuit board further comprises terminal areas, not 
2 5 shown, for attaching connections to the exterior of the transducer. These 
further terminal areas are connected through print tracks to the terminal 
areas 15, or are part thereof. 

An elegant solution for providing a connection between the printed 
circuit board 14 and the exterior of the transducer is to provide pins which 
30 at one end are connected, for instance by soldering, to the terminal areas on 
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the printed circuit board 14 and which project outside through openings in 
the case wall to be connected to a printed circuit board present there, 
having further electronics for signal processing. Such pins can be rigid or 
slightly flexible and are to be passed, insulated, through the openings 
5 provided in the case wall for that purpose. In Fig, 3a two of such pins 18 are 
schematically shown. 

As clearly shown in Figs. 3a and b, the printed circuit board 14 is 
provided with an opening 16 and recesses 17a, b, while the opening 16 
corresponds with the air gap of the coil and can be slid over the armature 

10 leg 6a. The opening 16 is so dimensioned that the free movement of the 

armature leg is not hampered. The recesses 17a and b are slid over the two 
other legs 6b and 6c of the E-shaped armature 6. Naturally, the recesses 
17a, b, instead of being slotted, can also be closed all round or have any 
other shape that is suitable to be slid over the armature legs 6b, c. 

15 The recesses 17a and b fit accurately over the armature legs 6b 

and 6c, so that the position of the printed circuit board 14 with respect to 
the armature is very accurate. Because positioning the coil 9 with respect to 
the printed circuit board can also be done very accurately, the problem of 
positioning the coil body with respect to the central armature leg has been 

2 0 resolved in a simple manner. 

It will be clear that the principle according to the invention is also 
applicable in U-shaped armatures, that is, an armature where either of the 
legs 6b or 6c is absent. 

It will also be clear that there are other possibilities of accurately 

25 positioning the printed circuit board with respect to the armature than by 
way of recesses 17a and b. 
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CLAIMS 

1. An electroacoustic transducer comprising a case accommodating an 
armature with at least two armature legs; a coil with an air gap, which coil 
is fitted with the air gap around one armature leg; a magnetic element with 
an air gap, which magnetic element is likewise fitted with the air gap 
5 around the one armature leg, the air gap of the coil and that of the magnetic 
element being located in line with each other; a diaphragm; a connecting 
element which couples a free end of the one armature leg to the diaphragm; 
and a printed circuit board with terminals for the wires of the coil and for 
external connections, the coil being attached to the printed circuit board, 
10 characterized in that the coil is attached to the printed circuit board by an 
end face thereof, which is located essentially perpendicularly to the 
longitudinal axis of the air gap, and that the printed circuit board is 
provided with an opening which corresponds with the air gap of the coil. 

15 2. An electroacoustic transducer according to claim 1, characterized in 
that the printed circuit board is further provided with at least one recess 
adapted to cooperate with at least one other leg of the armature. 

3. An electroacoustic transducer according to claim 2, characterized in 
20 that the armature is E-shaped, and that the printed circuit board is 

provided with two recesses, respectively cooperating with an outer leg of the 
armature. 

4. An electroacoustic transducer according to any one of claims 1-3, 
2 5 characterized in that the coil is glued to the printed circuit board. 

5. An electroacoustic transducer according to any one of claims 1-4, 
characterized in that for the purpose of external connections, pins are 
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connected to the terminal areas on the printed circuit board, which pins 
project through the wall of the case. 

6. A coil construction for an electromagnetic transducer, comprising a 
5 coil with an air gap and a printed circuit board with terminals for wires of 

the coil and external connections, characterized in that the coil is attached 
to the printed circuit board by an end face thereof which is located 
essentially perpendicularly to the longitudinal axis of the air gap and that 
the printed circuit board is provided with an opening which corresponds 
10 with the air gap. 

7. A coil construction according to claim 6, characterized in that the 
printed circuit board is provided with at least one recess along the 
circumferential edge thereof. 
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